Introduction: Acute diverticulitis (AD) is increasingly seen in Emergency services. The application of a reliable classification is vital for its safe and effective management.
INTRODUCTION
Diverticulosis has a prevalence of between 20% and 60% in the general population. The most frequent complication is acute diverticulitis (AD), which appears in 20-25% of cases. Its prevalence has risen in recent years due to the increase in the age of the general population and also due to dietary changes (1, 2) . As a result, Emergency Room (ER) consultations for this condition are becoming more frequent.
The presumptive diagnosis of AD can be made on the basis of a clinical history and physical examination. Abdominopelvic computed tomography (CT) is the diagnostic technique of choice because of its high sensitivity (97%) and specificity (98%) (3) (4) (5) (6) . CT is useful for diagnosis, but above all is most useful to evaluate the degree of inflammation, for differential diagnosis (vs ischemic colitis, inflammatory disease, tumor, and so on), to assist treatment (i.e., drainage of collections) and to predict the failure of conservative treatment and the risk of complications.
The ability to assess the severity of AD is important for therapeutic decision making. Several classifications for AD are currently available. The Hinchey system is a surgical classification and as such it is not particularly useful, since nowadays very few ADs require surgery (7) (8) (9) . Multiple variations on the Hinchey system have been described based on radiological criteria: among others, the modified Hinchey, Kaiser, Kohler, Sher, Wasvary and Ambrosetti classifications (3, 4, 10) .
The modified Neff classification (mNeff) is based on the radiological findings of the CT scan (Table I) . This classification allows a correct diagnosis of AD and stages it according to severity, from stage 0 (localized pericolic abscess) to stage IV (pneumoperitoneum and diffuse peritonitis) (11) . This modified version includes the substage Ia, which can now be differentiated due to recent technological advances. The degrees of radiological classification, together with clinical data, allow for a better management of this clinical entity (12) (13) (14) (15) .
Over time, management of AD has become more conservative both in the acute setting and in subsequent controls. Currently, the tendency is to manage uncomplicated AD at home. Treatment for complicated AD varies from antibiotic use only to resective surgery of the inflamed area in case of peritonitis or pneumoperitoneum (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) .
To be able to decide on the correct treatment, criteria are needed to create an action protocol for all AD cases once diagnosed. Here we propose a protocol that can be implemented at any hospital with a radiology service and by any physician encountering this condition.
In this study we describe our experience with the application of a management protocol for AD which uses the mNeff radiological classification in combination with clinical criteria of comorbidity and SIRS, in order to be able to apply the most appropriate treatment in each case.
MATERIAL AND METHODS
Prospective, observational study using a database including all consecutive patients attending our hospital's ER who were diagnosed with AD after their visit. Demographic data (age, sex), presence or absence of comorbidities (Table I) , and presence of sepsis (SIRS) (Table II) were recorded, as well as the type of AD according to the radiological classification and its management in view of the clinical and radiological findings (discharge, hospitalization, drainage, surgery, re-admission or re-examination). Other factors unrelated to the application of the protocol were not considered.
At our service, after radiological diagnosis, the type of AD is graded using the mNeff classification (Table I) . Clinical data are then assessed in order to define the appropriate management on a case-by-case basis. Among the clinical data, the SIRS criteria represent an important prognostic factor within the management of AD (12) . The clinical assessment is completed with baseline data on comorbidities which allow an overall assessment of the patient and his/her ability to respond to the aggression that AD may represent (12) (13) (14) (Table II) .
In accordance with the algorithm used at our center ( Fig. 1) , all patients arriving in the Emergency Room with suspected AD are given a CT scan to confirm the diagnosis and to classify the condition according to the mNeff system (Table I) . Patients who present grade 0, do not present SIRS or any of the comorbidity factors present in table II, tolerate diet and have good pain control are discharged from the ER with antibiotic treatment and a residue-free diet, under a home health care scheme and seen at the outpatient service after two weeks. If they present SIRS or any of the comorbidity factors mentioned above, they are admitted for control observation and treatment.
Patients with type Ia AD receive antibiotic treatment and are kept under observation for 48 hours. Patients without comorbidities or SIRS who tolerate oral feeding and have no pain are discharged under a home health care scheme and seen at the outpatient service after two weeks.
From grade Ib upward, AD is considered to be complicated; patients are administered antibiotic treatment and are hospitalized. The grading determines the most suitable management. Grade Ib patients receive medical treatment. In grades II and III, drainage may be needed depending on the size (e.g., from 4 cm in diameter upward) and the accessibility of the abscess. Grade IV patients require surgical treatment in most cases, but always depending on their hemodynamic and clinical status.
In this study, the program SPSS 21.0 was used for the statistical analysis. Quantitative variables were described using means and standard deviations or medians and ranges when the distribution was not normal. Categorical variables are described in absolute numbers and percentages.
RESULTS
Between February 2010 and February 2016, 590 cases of AD were diagnosed at our center (271 women and 319 men). The median age was 60 years (range 25-92 years). Twelve cases were removed from the AD management algorithm, either because the CT initially indicated some Hemogram: > 12,000 or < 4,000 leukocytes, or > 10% bands degree of AD but the differential diagnosis could not rule out a different condition such as neoplasia or colitis (5/12, 42%), or because of an unusual location such as the transverse colon (7/12, 58%). All of them required hospitalization. Therefore, 578 episodes were treated according to the management protocol (Table III) . Using the modified Neff classification, 408/578 (70.6%) were diagnosed with AD grade 0, 52 (8.9%) with grade Ia, 49 (8.6%) with grade Ib, 30 (5.2%) with grade II, five (0.9%) with grade III and 34 (5.9%) with grade IV. The management of these patients is displayed in the flow chart (Fig. 2) .
Of the 408 AD stage 0, 376 (92.1%) met radiological and clinical criteria for home treatment. Of these, 254 (67.5%) were discharged with antibiotic treatment and control by the home hospitalization unit. The other 122 patients (32.5%) required hospital admission, due in most cases to poor pain control, food intolerance and, on rare occasions, refusal to follow the outpatient treatment protocol. During the follow-up, 33/254 (12.9%) returned to the ER for consultation, although only 22 (8.7%) required admission, with good evolution. The main reason for consultation or admission was pain and oral intolerance at home. In all, 232 out of 254 patients successfully completed home treatment, representing a success rate of 91%. Of the 376 patients initially considered for home hospitalization, 122 required admission, due in most cases to difficult pain control and, to a lesser extent, to food intolerance while in the ER. Of the 408 grade A patients, 176 patients required admission as a result of comorbidity or SIRS (32), oral intolerance or pain (122) or after re-consultation at the ER (22) . Of the 176 patients admitted, five (2.8%) required surgery due to poor evolution. Of the 52 AD stage Ia patients (8.9%), 31 (59.6%) met the criteria for outpatient treatment and eleven (35.5%) of these were discharged with antibiotic treatment and control by the home hospitalization unit. The remaining 20 required admission for pain or oral intolerance. During the follow-up, eight of the eleven on home treatment (72.7%) returned to the ER for consultation, of whom four (41.6%) Complicated AD (grades Ib, II, III and IV) were not considered for discharge and outpatient treatment, and were hospitalized. Of the 49 stage Ib patients (8.6% of all diagnosed cases), five required surgery and two required drainage. Of the 30 stage II patients (5.2%), ten required surgery and four, drainage. Of the five stage III patients (0.9%), one required surgery and another needed percutaneous drainage. Of the 34 stage IV patients (5.9%), ten (29.4%) had no comorbidity factors or SIRS criteria, and so conservative treatment was chosen, with satisfactory evolution. Drains were placed in three of the patients treated with antibiotics, with a good response. The remaining 24/34 (70.6%) underwent surgery.
The decision to insert an abdominal drain was taken in light of the radiological criteria of the size and accessibility of the abscess. None of the drains were associated with adverse effects. The success rate of drainage in our center was 100% since no cases of AD requiring drainage required surgery, and there were no complications associated with the placement of the drain.
DISCUSSION
AD is an increasingly common entity whose management has evolved over time. Its treatment requires accurate diagnosis and clear staging criteria. This staging is the basis for the choice of a safe, effective and economical treatment in each particular case (30) .
The diagnosis of AD requires the performance of a radiological test, in this case CT. CT has a high sensitivity (97%) and specificity (98%) for AD diagnosis. In addition, it is able to assess the degree of inflammation produced, allows differential diagnosis, and may also predict the failure of conservative treatment or the need for drainage (3) (4) (5) (6) . Once the diagnosis of AD has been made, and with all the data obtained with CT, we believe that it is important to be able to classify the condition in different degrees (3) (4) (5) (6) .
After reviewing classifications such as the Ambrosetti and the modified Hinchey systems (3,7,8) , we decided to use the mNeff classification (11, 15) (Table I) , a radiology-based classification that distinguishes between six grades of AD and predicts its severity. The mNeff emphasizes the staging of patients with low radiological involvement: that is, it classifies stages 0 and Ia very well and, combined with clinical criteria, can define patients who can be assigned to home treatment and those requiring hospitalization and monitoring. In our study, 408 of 578 AD patients (70.6%) were diagnosed as grade 0, a proportion similar to that found by other groups. Of these, 254 out of 376 (67.5%) were assigned to home hospitalization, which was successful in 232 cases (91% (23, 34, 37) . In the recent prospective randomized study by Biondo et al. (the DIV-ER trial) (36) , after a CT scan confirming the diagnosis of uncomplicated AD, the authors compared 66 patients per arm in which one group received outpatient treatment and the other was hospitalized. The study concluded that outpatient treatment is safe and effective. Although it used a different classification, like the mNeff system it also differentiated the uncomplicated AD group (AD G0).
The mNeff classification classifies patients requiring drainage within stages Ib and II. Not all patients with mNeff grade Ib, II or III will need drainage, but the mNeff classification helps to assess whether it is required. This coincides with the results presented by Ambrosetti's group, where 58% of patients with complicated AD were drained, and by Singh's group, which drained 47% of patients with Hinchey AD grade III (34) .
The management of stage IV AD also allows assessment of the need for surgery. Our protocol favors individualizing the indication of surgery. Costi et al. (33) described a group of 39 patients with perforated AD who did not require surgery but were treated with antibiotics alone; drainage was required in only seven cases, all of whom presented satisfactory posterior evolution. Sallinen et al. (34) presented a study in which 189 patients with perforated AD responded well to conservative treatment, and the authors tried to find prognostic criteria for the need for surgery. In our study, ten out of 34 patients with stage IV AD responded well to conservative treatment. We believe that the use of clinical criteria increases the chances of a good response to conservative treatment. Perhaps when a larger number of patients have been assessed it will be possible to improve the mNeff classification and to define which groups of perforated or stage IV AD can be assigned to conservative treatment (always assuming that the clinical criteria permit).
At all radiological stages, it is important to include clinical criteria in the assessment. Data on comorbidity and SIRS can help to determine the degree of systemic involvement and the patient's likely response capacity (12, 13) .
The experience we have accumulated with this protocol over a 6-year period at our center suggests that AD can be managed safely. The protocol is similar to others presented by other groups in our country and elsewhere in Europe for the treatment of uncomplicated AD and its management at home (15, 19, 36, 37) , and it also defines the management of complicated AD. This last point means that at our center, AD can be treated by any practitioner with the required training, either at the ER or at the General Surgery Service. The protocol thus helps to standardize criteria and raises the safety levels for the treatment of patients with AD.
As our understanding of the pathophysiology of AD increases, we will be able to propose new advances in its management, such as conservative treatment of stage IV, or we might go even further and modify the management of uncomplicated AD, treating it with anti-inflammatory drugs alone (18, 19, (39) (40) (41) .
Our protocol has weak points, such as the management of stage 0 ADs which cannot be treated on an outpatient basis despite meeting clinical criteria, and the need for a better definition of stage IV ADs in which the need for surgery in each particular case cannot be radiologically defined. Furthermore, we are unable to compare our group with a control group in which the protocol was not applied.
In spite of these limitations, we conclude that the mNeff classification, together with clinical data on SIRS and comorbidity, can help to define an effective and safe management protocol for any patient diagnosed with AD. Further studies are needed to determine which factors of comorbidity are most important within the management of the condition, which prognostic factor may be most helpful in uncomplicated cases, and how the management of complicated AD might be improved.
